Zap1 activation domain 1 and its role in controlling gene expression in response to cellular zinc status.
The Zap1 transcription factor is a central player in zinc homeostasis in yeast. This protein regulates the expression of genes involved in zinc accumulation and storage. For most of its target genes, Zap1 activates expression in zinc-limited cells and this function is inhibited in replete cells. Zap1 has two activation domains, AD1 and AD2, which are independently regulated by zinc status. In this study, we characterized AD1 and its regulation by zinc. AD1 was mapped using deletions to residues 332-402 of Zap1. The region required for the zinc responsiveness of this activation domain, designated 'ZRD(AD1), was mapped to residues 182-502. Thus, AD1 is embedded within its larger zinc-responsive domain. Using a combination of in silico analysis, random mutagenesis and site-directed mutagenesis, we identified key residues within ZRD(AD1) required for its regulation by zinc. Most of these residues are cysteines and histidines that could potentially serve as Zn(II) ligands. These results suggest that ZRD(AD1) senses zinc by direct Zn(II) binding. Consistent with this hypothesis, purified ZRD(AD1) bound multiple Zn(II) ions. Finally, our results indicate that, in the context of the full-length Zap1 protein, AD1 and AD2 are both critical to the full control of gene expression in response to zinc.